This book aims to provide a coherent and pedagogical collection of articles on the physics and applications of molecular magnets. All contributors have played a major role in either (1) discovering or elucidating the physics that underlies molecular magnets, or in (2) the present exploration of avenues toward their applications. Issues that are by now well understood as well as open questions are covered. Inevitably, overlaps among some chapters do occur, but we are sure that the reader will find them complementary rather than repetitious.
2-level qubits for quantum computation. There are other applications for molecular magnets, such as to magnetic refrigeration (making use of the magneto-caloric effect) of electronic devices at cryogenic temperatures.
A brief historical account of the discovery of stepwise hysteresis loops, which are the hallmark of molecular magnets, as well as the physics of the underlying magnetic-quantum-tunneling phenomena, can be read in the first section, Tunneling of Single Molecule Magnets. How stepwise hysteresis loops were discovered, and first reported early in 1996, is the subject of Chap. 1. How the existence of stepwise hysteresis loops was subsequently corroborated in Mn 12 -acetate single crystals, and more, can be read in Chap. 2. The theory of magnetic quantum tunneling that takes orbital angular momentum into account is given in Chap. 3. There is however more in the first section. Interesting effects that cannot be accounted for assuming each SMM acts as a single spin S are reported and explained in Chap. 4.
The second section, Beyond Single Molecules, covers various collective phenomena. Deflagration is one of them. It has been found to proceed in molecular magnets by rapidly moving magnetic-quantum-tunneling fronts, much as ordinary deflagration takes place by chemical combustion processes. Experimental and theoretical accounts are given in Chaps. 5 and 6, respectively. A rather different sort of collective phenomenon, equilibrium magnetic phase transitions, have been observed in some of the best known molecular magnets. Magnetic ordering is brought about by magnetic-dipolar interactions. Because system-wide ordering processes cannot bypass slow quantum tunneling processes, the realization of magnetic ordering was not a foregone conclusion. Order can either be destroyed by heating, through a classical phase transition, or by applying a transverse magnetic field, through a quantum phase transition. This is the subject of Chap. 7. Single Chain Magnets, the subject of Chap. 8, resemble SMMs in that they can relax extremely slowly. Their underlying physics is however rather different. In single chain magnets relaxation proceeds through thermal excitation of domain walls. Models are also discussed in this chapter. Metal-phthalocyanine (MPc) are uniquely suited for the exploration of the intrinsic mechanisms which give rise to molecular magnetism. The structural and magnetic properties of bulk crystals, thin films and single MPcs molecules adsorbed on different substrates are covered in Chap. 9. The Kondo interaction, tunneling processes, switchability and spin control are reviewed.
Most of the section on Applications is devoted to issues that arise from the role molecular magnets can play in information technology. How to control and exploit the quantum properties of SMMs, achievements of recent years and foresight for their near future are all weaved into Molecular Nanomagnets for Information Technologies, which is Chap. 10. In Chap. 11, Molecular Magnets for Quantum Information Processing, a brief introduction into quantum computing is given. Di-Vincenzo's criteria for its successful physical implementation are introduced and used as a guideline throughout. Utilization and control (mainly, through the spinelectric effect) of the spin degrees of freedom in SMMs as qubit states is considered. The various decoherence mechanisms which affect SMMs and their advantages on this point over more traditional qubits are examined. Finally, a proposal to implement Grover's algorithm using molecular magnets is discussed. In Chap. 12,
